ABSTRACT This is the first study which evaluated the influence of cave size and presence of bat guano in ant visitation in Brazilian caves. We provide a list of the ants associated with 27 caves in northeastern Brazil, an area situated in the transition between Cerrado (Brazilian savanna) and Amazon Domain. The study was conducted between January and August 2010. We recorded 24 ant species inserted into 12 genera, 10 tribes, and six subfamilies. The size of the cave and the presence of guano did not influence the richness of ants, and most of the caves had single species. Camponotus atriceps was the species with the larger distribution, being collected in five caves. In addition, we discuss geographic distribution of records and possible ecological roles of ants in cave environments.
INTRODUCTION
Despite the fact that Brazil has one of the most valuable and diversified speleological patrimonies in the world (Santos et al. 2002) , cave fauna inventories are rare (Dessen et al. 1980) . Until 1994, there were 76 known vertebrate species and 537 invertebrate species inhabiting Brazilian caves (Pinto-da-Rocha 1995) . These organisms can be classified into three categories: (1) trogloxenes, which spend part of their life into the cave but return to the exterior to finish their life cycle; (2) troglophiles, which have established populations and can finish their life cycle both in the exterior and interior of the cave, and (3) troglobites, which are restricted to the cave environment and only finish their life cycle inside the cave (Holsinger & Culver 1988) .
One of the most important features of caves is the absence of light or low light incidence and a high environmental stability (Culver 1982 , Howarth 1983 . Therefore, with the absence of photosynthetic organisms, invertebrates are responsible for major richness and abundance in almost all cave ecosystems. Troglophiles can be considered the most frequent kind of organism in cave habitats (Trajano 1987 , Trajano & Gnaspini-Netto 1991 , Ferreira & Horta 2001 .
Although ants are frequently cited inhabiting caves, there are no records of troglobite ant species in these habitats. In most of the records, ant fauna are found far from the cave entrance. In addition, ant species found in caves are usually common in other ecosystems and have wide geographic distribution. The presence of ants has been considered by author as accidental in most cases (Wilso 1962 , Tinaut & López 2001 , Dáttilo et al. 2010 . Some authors attribute the ant entry in caves to foraging, being associated with bat feces (guano) (Ferreira & Martins 1999a , 1999b , Ferreira et al. 2000 , Roncin & Deharveng 2003 , Santana et al. 2010 . The ants collect fresh guano, and carry it back to the nest where it is used as food (Moulds 2006) .
These statements lead us to suppose that in the caves where guano is present, the ant visitation is higher than in the caves that this resource is not found. Furthermore, as the species-area relationship is one of the more established patterns in ecology (MacArthur & Wilson 1967 ) and has been evidenced in cave environments (Culver et al. 2004) , we also suppose that the number of species of ants will increase as the size of the caves grows. Finally, we provide a species list of ants associated with different caves in the southern of Maranhão State, northeastern Brazil and we discuss geographic distribution of records and possible ecological roles of ants in cave environments.
MATERIAL AND METHODS

Study area
We developed this work in 27 caves in the municipality of Estreito, located in the marker between states of Maranhão and Tocantins in January and August 2010. This region is inserted into a transition zone between "Cerrado" (Brazilian savanna) and Amazon biomes at the Tocantins river basin. The physiognomy surrounding the caves can be classified as Cerrado sensu stricto. For detailed descriptions of this classification see the classic studies of Eiten (1972) and Ribeiro & Walter (1998) . The mean annual temperature is 26.1 ºC, with mean precipitation of 1718 mm fitting in a tropical rain pattern where the rainy period corresponds to 80% of annual precipitation (Ceste 2004) . The class of soil that predominates in the region is Neosoil, Quartzarenic, in flat topography and sandy sediment cover and alterations in rocks of quartz and sandstone (Reatto et al. 1998) . 
Data collection and analysis
We used two kinds of sampling: pitfall traps and manual collection. Pitfalls were made with 500 ml plastic cups containing a 150 ml solution composed of 70% Alcohol and detergent. The pitfalls remained in the caves for 48 hours. The number of installed pitfalls ranged among caves as a function of the size of cave (Table 1) . Manual collections were made in the installation and removal of pitfall traps. The ants collected in all caves were identified through comparisons with the available collection of the Museu de Zoologia of Universidade de São Paulo, Brazil (MZSP). All collected ants were deposited in the Setor de Entomologia of Coleção Zoológica of Universidade Federal de Mato Grosso, Brazil (CEMT).
To assess whether the presence of bat guano influenced the number of ants species we noted the data for bat guano presence/absence of each cave. For this, we used non-parametric Mann-Whitney U test. To evaluate if the cave area influenced the number of ants species we measures on each cave: major length, also called development and major height (Table 1) . Spearman correlation was performed to verify if there is relation within richness and size of the cave. All tests were made using SYSTAT 8.0 (Wilkinson 1998) .
RESULTS
We found 24 ant species inserted into 12 genera, 10 tribes and six subfamilies. Myrmicinae was the subfamily that had most taxa recorded with 14 species. The most abundant genera were Camponotus and Pheidole, represented by five and six species respectively. Additionally, 81.4% of caves (n= 22) had only a single species, and Camponotus atriceps (Smith 1858) was present in five of 27 sampled caves ( Table 2) .
Twelve of the 27 caves had guano. The presence of guano did not influence ant richness (Mann-Whitney, z(u)= 1.073, P= 0.283). The average size (length x height) of the caves was 16.4 m² ± 13.2; however, ant richness was not related with the cave size (Spearman's Correlation, rs= -0.191, t= -0.976, P= 0.338). Therefore, neither guano or cave size are modulating resources of ant richness in these environments. 
DISCUSSION
This is the first study we are aware of where the influence of the size of the cave and the presence of guano on the richness of ants in Brazilian caves was evaluated. Among the ants identified to species level, all have a wide geographic distribution (Table 2 ) and some of them occur in many kinds of habitats (eg. Pheidole obscurithorax Naves 1985) including urban ones, such as Camponotus vittatus Forel 1904 (Naves 1985 , Rodovalho et al. 2005 . According to Roncin et al. (2001) , the absolute majority of ant species that occur inside caves are also found in environments outside the cave. The low number of ant species by cave was already found by other authors in northeastern and southern Brazil (Ferreira & Horta 2001 , Silva et al. 2005 , Silva & Ferreira 2009a , 2009b , Santana et al. 2010 . The low number of species in all caves and its lack of relationship with the studied variables (presence of guano and size of the cave), added to wide geographical distributions of found species, emphasizes that the presence of the ants in these caves is accidental, which has been reported several times (Wilson 1962 , Tinaut & López 2001 , Dáttilo et al. 2010 . It is noteworthy that the size of the caves in this study are small, though some authors claim that the ants associated with caves can be found only at the entrance of the cave (Ferreira & Martins 1999a , 1999b , Jordão 2003 , Santana et al. 2010 , Dáttilo et al. 2010 . The species-area relationship is one of the most studied patterns in ecology and used in different systems (MacArthur & Wilson 1963 , Vasconcelos et al. 2006 , Lozano-Zambrano et al. 2009 ), but it does not apply to cave environments. This pattern is based on larger areas that include a high variety and availability of habitats (MacArthur & Wilson 1967 ), which should not apply to a cave, since its environmental conditions are constant (Belles 1987) and the resources are usually scarce and unpredictable (Christiansen 1965) . Thus, considering only the size of the cave, there isn't an expected increase in species richness of ants in this environment. Additionally, in some cases, the presence of guano may become a limiting factor for the increase in richness and abundance of ants and other invertebrate predators, since many organisms associated with this type of substrate are an important funding source for predators (Gnaspini-Neto 1989 , Ferreira & Martins 1999a , 1999b , Ferreira et al. 2000 , Santana et al. 2010 . However, in this study the presence of guano didn't influence the richness of ants in the caves. This probably occurred because the caves were small and the accumulation of guano wasn't large enough to support several species of ants. Besides, the competition between the ants would limit the increase in richness of the ants in caves where the guano was present.
The colonization and foraging of many arthropods -including ants -in caves mainly occurs due the favorable and constant environmental conditions inside the cave (Bellés 1987) . Despite these favorable conditions, the availability of food resources may negatively affect spatial distribution and diversity of ant fauna inside caves (Poulson & Culver 1969) . This may occur because resources in caves are usually scarce and unpredictable, which, over long periods of time, would require morphological and physiological adaptations (Christiansen 1965 ) that ants do not have. Also, it is probable that high rates of competition due to the scarcity of food resources allow few species to establish inside caves generating the "one ant species for one cave" pattern, related in our study. These are two good reasons why Wilson (1962) considers that ants and other social insects can not be a "real" troglobyte.
The probability of existence of troglobyte ants has generated discussion among researches for a long time, mainly with respect to the absence of gene flow within cave populations (Wilson 1962 , Tinaut & López 2001 , Roncin & Deharveng 2003 . Some researchers suggest that some ant species are probably troglobytes, such as Leptogenys khammouanensis Roncin & Deharveng 2003 (Tinaut & López 2001 and Hypoponera ragusai (Emery 1894) (Roncin & Deharveng 2003) , mainly due to the constant presence of nests of both species in cave interiors and males and females being apterous. However, there is the possibility that these species, being subterranean, simply prefer cryptic habitats, for instance, rodent galleries (Decu et al. 1998 , Tinaut & López 2001 . Additionally, the scarcity of resources faced by subterranean ants is a good parallel for us to understand the difficulties that a troglobyte ant would find in this kind of habitat (Deharveng & Bedos 2000) .
Despite the difficulty of categorizing these insects in the three cave fauna categories of organisms, ants may have an important role in cave ecosystems seeing as they may promote the transitions of nutrients between the exterior and interior of cave. Further studies that characterize the ecology and faunistic composition of Brazilian caves are recommended for conservation and management of these unique habitats.
